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(54) SOLID POLYMER FUEL CELL, FUEL ELECTRODE CATALYST THEREFOR. AND POWER GENERATING 
METHOD USING THE SOLID POLYMER FUEL CELL 



PROBLEM TO BE SOLVED: To provide a solid polymer fuel cell, of which the catalyst of a fuel rod is unlikely to 
be contaminated by a carbon monoxide for less degradation in cell performance, even if the fuel electrode is 
supplied with a fuel gas containing carbon monoxide. 

SOLUTION: The solid polymer fuel cell comprises a fuel electrode, which comprises a fuel electrode catalyst 
that ionizes hydrogen in a fuel gas, which is to become a fuel, being supplied, an oxygen electrode to which an 
oxidizer gas is supplied, and a polymer electrolyte film sandwiched between the fuel electrode and the oxygen 
electrode. A gas, containing oxygen, is supplied as the fuel gas. Related to the fuel electrode catalyst, the 
catalyst particles containing platinum and ruthenium are carried by a conductive carrier. 
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* NOTICES * 

JPO and NCIP! are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The fuel electrode which has the fuel electrode catalyst which the fuel gas containing the hydrogen 
used as a fuel is supplied, and ionizes the hydrogen in this fuel gas, It is the polymer electrolyte fuel cell 
equipped with the poly electrolyte film fastened between the oxygen pole to which oxidant gas is supplied, and 
this fuel electrode and an oxygen pole. It is the polymer electrolyte fuel cell which the gas which contains 
oxygen as said fuel gas is supplied, and is characterized by the catalyst particle in which said fuel electrode 
catalyst contains platinum and a ruthenium being supported by conductive support. 

[Claim 2] The polymer electrolyte fuel cell according to claim 1 with which that with which oxygen was mixed by 
the reformed gas which reformed the raw material containing carbon as said fuel gas, and was obtained is 
supplied. 

[Claim 3] The polymer electrolyte fuel cell according to claim 1 or 2 with which the gas not more than 1vol% is 
supplied for an oxygen density as said fuel gas. 

[Claim 4] Said catalyst particle is a polymer electrolyte fuel cell according to claim 1 to 3 which is a thing 
containing a platinum alloy particle and a ruthenium particle. 

[Claim 5] Said platinum alloy particle is a polymer electrolyte fuel cell according to claim 4 which is a platinum- 
ruthenium alloy particle. 

[Claim 6] The fuel electrode with which the fuel gas containing the hydrogen used as a fuel is supplied, and the 
oxygen pole to which oxidant gas is supplied, Have the polyelectrolyte film fastened between this fuel electrode 
and the oxygen pole, and it is used for the polymer electrolyte fuel cell with which the gas which contains 
oxygen as said fuel gas is supplied. The fuel electrode catalyst for polymer electrolyte fuel cells which is a fuel 
electrode catalyst which ionizes the hydrogen in said fuel gas, and is characterized by conductive support 
coming to support the catalyst particle containing platinum and a ruthenium. 

[Claim 7] The fuel electrode which has the fuel electrode catalyst which the fuel gas containing the hydrogen 
used as a fuel is supplied, and ionizes the hydrogen in this fuel gas, It is the generation-of-electrical-energy 
approach using the polymer electrolyte fuel cell equipped with the polyelectrolyte film fastened between the 
oxygen pole to which oxidant gas is supplied, and this fuel electrode and an oxygen pole. The generation-of- 
electrical-energy approach using the polymer electrolyte fuel cell characterized by supplying the gas by which 
the catalyst particle which contains platinum and a ruthenium as said fuel electrode catalyst contains oxygen as 
said fuel gas using what was supported by conductive support. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polymer electrolyte fuel cell which used the poly membrane 
as an electrolyte, the fuel electrode catalyst used as a catalyst of the fuel electrode, and the generation-of- 
electrical-energy approach using a polymer electrolyte fuel cell. 
[0002] 

[Description of the Prior Art] The fuel cell which generates the electrical and electric equipment according to 
the electrochemical reaction of gas has high generating efficiency, and since the gas discharged is clean and 
there is very little effect to an environment, various applications, such as an object for a generation of electrical 
energy and a power source for automobiles of low pollution, are expected in recent years. A fuel cell can be 
classified according to the electrolyte, for example, the phosphoric acid fuel cell, the fused carbonate fuel cell, 
the solid acid ghost mold fuel cell, the polymer electrolyte fuel cell, etc. are known. 

[0003] Especially, since a polymer electrolyte fuel cell can be operated at about 80-degree C low temperature, 
handling is comparatively easy as compared with the fuel cell of other classes and power density is very large, 
the use is expected. A polymer electrolyte fuel cell carries out the laminating of a majority of this eel by making 
into a generation-of-electrical-energy unit the eel which usually prepared the electrode of a pair in both sides of 
the polyelectrolyte film which is a poly membrane with proton conductivity, and is constituted. And if the gas 
which contained hydrogen as a fuel is supplied to an electrode (fuel electrode), hydrogen will ionize according to 
the catalyst of a fuel electrode, and it will become a hydrogen ion. At this time, the emitted electron flows into 
the oxygen pole which is another electrode through an external circuit. On the other hand, a hydrogen ion 
reaches to an oxygen pole through the polyelectrolyte film, reacts with the electron from the oxygen and the 
external circuit in the oxidant gas supplied to the oxygen pole, and produces water. Electromotive force arises 
according to the electrochemical reaction in such an electrode. 

[0004] Many things which made conductive support, such as carbon, support noble metals, such as platinum, are 
used for the catalyst for advancing the above-mentioned electrochemical reaction in each electrode of a fuel 
electrode and an oxygen pole. Moreover, the hydrogen gas which reformed methane, a methanol, a gasoline, etc. 
and was obtained is used for the fuel gas supplied to a fuel electrode. Although it mainly carries out and 
hydrogen, a carbon dioxide, etc. are obtained when these original fuels containing carbon are reformed, the 
carbon monoxide of a minute amount is also generated. A carbon monoxide can be decreased even to the low 
concentration of 10 ppm or less at the time of stationary actuation of a cell, if the water gas shift reaction after 
a reforming reaction etc. is performed on the optimal conditions. However, it is difficult to perform sufficient 
control at the time of fluctuation of the reformed gas flow rate corresponding to output fluctuation of a cell, and 
the present condition is that mixing of the carbon monoxide of the concentration which is about 100 ppm is not 
avoided. Since the carbon monoxide in fuel gas serves as catalyst poison of the above-mentioned catalyst in a 
fuel electrode, it poses a problem. That is, when poisoning of the platinum used as a catalyst of a fuel electrode 
is carried out and it deteriorates with the carbon monoxide in fuel gas, the cell engine performance will fall. In 
order to solve the problem of the catalyst poisoning by this carbon monoxide, various attempts, such as 
reduction of the carbon monoxide concentration in fuel gas and development of a catalyst by which poisoning 
cannot be carried out easily, are made. 
[0005] 

[Problem(s) to be Solved by the Invention] In a series of manufacture processes of reforming the above- 
mentioned Hara fuel containing carbon, and manufacturing fuel gas, the process of reducing the carbon monoxide 
concentration in fuel gas further itself is not it not only becomes complicated, but needed [ of a quantity of gas 
flow, reaction temperature, etc. / advanced ], and realistic. On the other hand, that with which the catalyst 
particle which alloyed platinum, a ruthenium, molybdenum, a tungsten, etc. was supported by conductive support 
is proposed as a catalyst by which poisoning cannot be easily carried out to a carbon monoxide. However, even 
if it is these alloyed catalysts, poisoning by the carbon monoxide is not avoided, and the carbon monoxide 
poisoning resistance cannot be satisfied. 



[0006] Even if this invention is made in view of such the actual condition and the fuel gas whose carbon 
monoxide concentration is about 100 ppm is used for it, it makes it a technical problem for poisoning of the 
catalyst to be hard to be carried out, consequently for cell performance degradation to offer a small polymer 
electrolyte fuel cell. Moreover, it is the fuel electrode catalyst which can realize such a polymer electrolyte fuel 
cell, and the generation-of-electrical-energy approach using a polymer electrolyte fuel cell, and let it be a 
technical problem to control catalyst poisoning and to offer the small generation-of-electrical-energy approach 
of cell performance degradation. 
[0007] 

[Means for Solving the Problem] The fuel electrode which has the fuel electrode catalyst which the fuel gas 
containing the hydrogen from which the polymer electrolyte fuel cell of this invention serves as a fuel is supplied, 
and ionizes the hydrogen in this fuel gas, It is the polymer electrolyte fuel cell equipped with the polyelectrolyte 
film fastened between the oxygen pole to which oxidant gas is supplied, and this fuel electrode and an oxygen 
pole. The gas which contains oxygen as said fuel gas is supplied, and said fuel electrode catalyst is characterized 
by the catalyst particle containing platinum and a ruthenium being supported by conductive support. 
[0008] That is, that with which the catalyst particle which the fuel gas containing the oxygen other than 
hydrogen is supplied to a fuel electrode, and contains platinum and a ruthenium as a fuel electrode catalyst was 
supported by conductive support is used for the polymer electrolyte fuel cell of this invention. The platinum in 
the catalyst particle which constitutes a fuel electrode catalyst plays a role of an original catalyst of ionizing 
hydrogen. On the other hand, the ruthenium in a catalyst particle plays a role of the so-called carbon monoxide 
oxidation catalyst which oxidizes and removes the carbon monoxide which stuck to the above-mentioned 
platinum front face as a harmless carbon dioxide. That is, since the ruthenium is contained in the catalyst 
particle, even if it is the case where the fuel gas containing a carbon monoxide is supplied, the carbon monoxide 
which stuck to platinum is removed and degradation of a catalyst is controlled. Moreover, the carbon monoxide 
which stuck to platinum oxidizes and is removed by existence of oxygen. And the oxidation of Norikazu carbon 
monoxide when based on a ruthenium is activated more under existence of oxygen. Therefore, if oxygen exists in 
a fuel electrode, poisoning of platinum will be controlled more. In the polymer electrolyte fuel cell of this 
invention, in order to use the gas which contains oxygen as fuel gas, by using the oxygen, oxidation reaction of 
the carbon monoxide by the ruthenium is activated, and the carbon monoxide which stuck to the platinum front 
face is removed more effectively. That is, the oxygen in fuel gas plays the role which promotes oxidation of the 
carbon monoxide by the ruthenium more. Thus, since poisoning of the platinum whose polymer electrolyte fuel 
cell of this invention is a catalyst is hard to be carried out to a carbon monoxide, there is little degradation of a 
catalyst and it serves as a small polymer electrolyte fuel cell of cell performance degradation. 
[0009] Moreover, the fuel electrode catalyst for polymer electrolyte fuel cells of this invention The fuel electrode 
with which the fuel gas containing the hydrogen used as a fuel is supplied, and the oxygen pole to which oxidant 
gas is supplied, Have the polyelectrolyte film fastened between this fuel electrode and the oxygen pole, and it is 
used for the polymer electrolyte fuel cell with which the gas which contains oxygen as said fuel gas is supplied. 
Conductive support comes to support the catalyst particle which is the fuel electrode catalyst which ionizes the 
hydrogen in said fuel gas, and contains platinum and a ruthenium. Since the fuel electrode catalyst of this 
invention is what contains in a catalyst particle the ruthenium which has the carbon monoxide oxidation as 
mentioned above, it turns into a catalyst with high carbon monoxide poisoning resistance with little poisoning of 
the platinum by the carbon monoxide. And by using it as a catalyst of the fuel electrode of the polymer 
electrolyte fuel cell with which the gas which contains the oxygen other than hydrogen as fuel gas is supplied, 
the oxygen supplied is used effective in oxidation reaction of the carbon monoxide by the above-mentioned 
ruthenium, and poisoning of platinum is controlled more. Thus, there is little catalyst de-activation by the carbon 
monoxide, and the fuel electrode catalyst of this invention can realize the small cell of cell performance 
degradation as a result. 

[0010] Furthermore, the generation-of-electrical-energy approach using the polymer electrolyte fuel cell of this 
invention The fuel electrode which has the fuel electrode catalyst which the fuel gas containing the hydrogen 
used as a fuel is supplied, and ionizes the hydrogen in this fuel gas, It is the generation-of-electrical-energy 
approach using the polymer electrolyte fuel cell equipped with the polyelectrolyte film fastened between the 
oxygen pole to which oxidant gas is supplied, and this fuel electrode and an oxygen pole. The catalyst particle 
which contains platinum and a ruthenium as said fuel electrode catalyst is characterized by supplying the gas 
which contains oxygen as said fuel gas using what was supported by conductive support. That is, even if it is the 
case where the fuel gas containing a carbon monoxide is supplied, poisoning of the platinum which is a hydrogen 
ion-ized catalyst is hard to be carried out by using what contained the ruthenium which has the carbon 
monoxide oxidation as a fuel electrode catalyst. Therefore, the catalytic activity of a fuel electrode cannot 
deteriorate easily and the generation-of-electrical-energy approach of this invention turns into the small 
generation-of-electrical-energy approach of the voltage drop at the time of cell actuation. Furthermore, in order 
that the generation-of-electrical-energy approach of this invention may supply the gas which contains oxygen 



as fuel gas in addition to hydrogen to a fuel electrode, it can be used effective in oxidation reaction of Norikazu 
carbon monoxide when depending oxygen on a ruthenium, and turns into the generation-of-electrical-energy 
approach which can control degradation of a fuel electrode catalyst more. 
[0011] 

[Embodiment of the Invention] Below, the operation gestalt of the generation-of-electrical-energy approach of 
of the fuel electrode catalyst and polymer electrolyte fuel cell which are used for the polymer electrolyte fuel 
cell of this invention and it is explained, respectively. In addition, the fuel electrode catalyst of this invention is 
collectively explained, while explaining the configuration of a polymer electrolyte fuel cell. 

[0012] <Po!ymer electrolyte fuel cell> The fuel gas containing the hydrogen used as a fuel is supplied, and the 
polymer electrolyte fuel cell of this invention is equipped with the polyelectrolyte film fastened between the fuel 
electrode which has the fuel electrode catalyst which ionizes the hydrogen in this fuel gas, the oxygen pole to 
which oxidant gas is supplied, and this fuel electrode and an oxygen pole. That is, the polymer electrolyte fuel 
cell of this invention follows the configuration of the polymer electrolyte fuel cell generally known in that it has a 
fuel electrode and an oxygen pole, and the polyelectrolyte film. Usually, a polymer electrolyte fuel cell makes the 
eel which sandwiched with the separator the electrode-electrolyte zygote which joined the fuel electrode and 
the oxygen pole to both the front faces of an electrolyte membrane a generation-of-electrical-energy unit, 
carries out the laminating of a majority of the eel, and is constituted. The polymer electrolyte fuel cell of this 
operation gestalt should just also follow the general configuration. Moreover, what is necessary is not to limit the 
production approach of an electrode-electrolyte zygote especially, either and just to already produce it by the 
well-known approach. For example, a fuel electrode and an oxygen pole can consist of two-layer [ of the 
catalyst bed which consists of each catalyst and electrolyte, and the diffusion layer which consists of a porous 
material which can diffuse gas ]. In this case, what is necessary is just to form a catalyst bed as follows. First, it 
distributes in the liquid containing the macromolecule which is an electrolyte about the catalyst of each 
electrode, respectively, and the dispersion liquid are applied to the front face of a base material, it dries, and a 
catalyst bed is formed in a base material front face. Subsequently, sticking by pressure etc. carries out the 
catalyst bed and electrolyte membrane which were formed in the base material, and only a base material is 
exfoliated after that. Thus, what is necessary is to form a diffusion layer in the front face of each formed 
catalyst bed because sticking by pressure etc. carries out a carbon cross etc., and just to consider as an 
electrode-electrolyte zygote. 

[0013] The catalyst of a fuel electrode ionizes the hydrogen in the fuel gas supplied, plays the role used as a 
hydrogen ion, and describes it in detail later about this fuel electrode catalyst. Moreover, the catalyst of an 
oxygen pole returns the oxygen in the oxidizing agent gas supplied, and plays a hydrogen ion and the role made 
to react, and the thing which made conductive support, such as carbon, support platinum should just be used for 
it. An electrolyte membrane will not be limited especially if it is a poly membrane with hydrogen ion conductivity. 
For example, hydrocarbon system electrolyte membranes, such as all fluorine system sulfonic-acid film, all 
fluorine system phosphonic acid film, all fluorine system carboxylic-acid film, and fluorine-containing 
hydrocarbon system graft film, total hydrocarbon system graft film, all aromatic series film, etc. can be used. 
When endurance etc. is especially taken into consideration, it is desirable to use all fluorine system electrolyte 
membranes. Since it says that the engine performance as an electrolyte membrane is high especially, it is 
desirable to use all fluorine system sulfonic-acid film. As an example of all fluorine system sulfonic-acid film, the 
copolymer film of the perfluoro vinyl ether and tetrafluoroethylene which are known for the trade name of 
"Nafion" (a trademark, Du Pont make) and which have a sulfonic group is mentioned. Moreover, what is 
necessary is for the current collection engine performance to be high to a separator, and just to usually use 
stable precise graphite etc. for it also under an oxidation steam ambient atmosphere. 
[0014] In the polymer electrolyte fuel cell of this invention, the fuel gas which contains oxygen in a fuel 
electrode is supplied. Usually, although fuel gas contains the hydrogen used as a fuel, in addition to the hydrogen, 
the fuel gas supplied to the polymer electrolyte fuel cell of this invention also contains oxygen. The reformed gas 
which reformed the original fuel containing carbon and was obtained is used for fuel gas in many cases, and it 
becomes the mode to which that with which oxygen was mixed by the reformed gas which reformed the raw 
material containing carbon as fuel gas in this case, and was obtained is supplied. In the case of this mode (for 
example, the thing which mixed oxygen in the exterior of a cell to reformed gas), it can be made into fuel gas. 
Moreover, in the production process of a series of hydrogen, such as reforming of a original fuel, oxygen is 
superfluously supplied at CO selective oxidation process of reducing the concentration of a carbon monoxide, 
and it is good also considering the reformed gas containing the unreacted oxygen as fuel gas. Furthermore, it is 
good also considering the thing to which the oxygen in the oxidant gas supplied to the oxygen pole penetrated 
the polyelectrolyte film and which the so-called cross leak oxygen and reformed gas mixed as fuel gas. In 
addition, it becomes the mode which reformed gas and oxygen mix in the interior of a fuel electrode, i.e., a cell, in 
this case. 

[0015] When making into fuel gas what mixed oxygen to reformed gas in the exterior of a cell, oxyecoia supply 



equipment can be formed and carried out in the middle of the feed hopper of the fuel gas in a cell, or the 
passage of fuel gas. What is necessary is not to limit especially oxyecoia supply equipment and just to constitute 
it including the oxygen supply section which sends the gas which contained oxygen, such as air, and the piping 
section used as the passage of the supplied gas. In this case, the gas containing the oxygen supplied from the 
oxygen supply section is introduced in the middle of the feed hopper of fuel gas, or the passage of fuel gas 
through piping, and is mixed with reformed gas. And the mixed gas is supplied to a cell as fuel gas. 
[0016] Especially the oxygen density in fuel gas is not limited, and should just choose suitably the concentration 
which can oxidize a carbon monoxide effectively. However, when an oxygen density is high, it will react with the 
hydrogen in fuel gas, and the hydrogen of a considerable amount will be consumed. In order that the hydrogen 
which participates in the electrochemical reaction which produces the electromotive force of a cell by this may 
decrease, there is a possibility that generating efficiency may fall. Moreover, a lot of existence of oxygen causes 
generation of heat by the reaction with hydrogen etc., and causes degradation of an electrolyte membrane. As 
for the oxygen density in [ such a viewpoint to ] fuel gas, considering as less than [ 1vol% ] is desirable. 0. It is 
more suitable if it is less than [ 2vol% ]. 

[0017] The fuel electrode in the polymer electrolyte fuel cell of this invention has the fuel electrode catalyst 
which ionizes the hydrogen in fuel gas, and the catalyst particle in which the fuel electrode catalyst contains 
platinum and a ruthenium is supported by conductive support. Hereafter, although this fuel electrode catalyst is 
explained, the following operation gestalten also turn into an operation gestalt of the fuel electrode catalyst of 
this invention. If the catalyst particle which constitutes a fuel electrode catalyst contains platinum and a 
ruthenium, especially the gestalt will not be limited. For example, the mode which consists of a platinum particle, 
a ruthenium particle, or a ruthenium compound particle, and the mode which consists of a platinum-ruthenium 
alloy particle which alloyed platinum and a ruthenium are employable. Moreover, the mode which consists of 
platinum and a particle which contains an alloy and a metal ruthenium with a less noble metal from it, and the 
mode which consists of platinum, a platinum alloy particle which alloyed the less noble metal from it, and a 
ruthenium particle are employable. It is desirable to make a catalyst particle into the mode containing a platinum 
alloy particle and a ruthenium particle from a viewpoint that the operation which oxidizes a carbon monoxide is 
high and poisoning of platinum can be controlled more effectively especially. In this case, a ruthenium may be in 
the condition of compounds, such as an oxide and a hydroxide, at the time of cell production that the ruthenium 
particle which constitutes a catalyst particle should just serve as a metal simple substance at the time of cell 
actuation. It is thought that these ruthenium compounds serve as a metal simple substance by the hydrogen in 
fuel gas at the time of cell actuation. 

[0018] Moreover, in the above-mentioned mode, platinum and especially the less noble metal to alloy are not 
limited, and should just use at least one or more sorts chosen from Ru, Fe, Mn, Co, nickel, and Cr. Since the 
operation which oxidizes a carbon monoxide especially is high, a ruthenium (Ru) and the mode to alloy are 
suitable, in this case, the above — desirable voice — the catalyst particle which can be set like contains a 
platinum-ruthenium alloy particle and a ruthenium particle. In addition, although especially the content rate of 
other metals other than the platinum in a platinum alloy is not limited, it is desirable that it is 10% or more at the 
time of making the sum total of the atomic number of platinum and other metals into 100%. It is because there is 
little effectiveness, such as improvement in carbon monoxide poisoning resistance according that the percentage 
of other metals is less than 10% to alloying. When the above-mentioned effectiveness by alloying is especially 
taken into consideration, it is desirable that it is 30% or more. On the other hand, when the content rate of other 
metals in a platinum alloy exceeds 50%, the amount of metals which does not dissolve to platinum will increase. 
Although explained in detail later, other metals not dissolving will be contained in a catalyst particle in the 
condition of a metal simple substance or a metallic oxide. 

[0019] Especially the content rate of the ruthenium in a catalyst particle is not limited. In order to fully achieve 
the original catalyst function to ionize hydrogen, it is desirable to make the atomic ratio (Ru/Pt) of a ruthenium 
to platinum or less into three. It is desirable to make Ru/Pt or more into one from a viewpoint of fully controlling 
poisoning of platinum, on the other hand, in addition, the manufacture approach explained later — setting — the 
above — it is desirable for the catalyst particle containing the platinum-ruthenium alloy particle which is a 
desirable mode, and a ruthenium particle to make Ru/Pt larger than 1, that is, to make it Ru>Pt from a viewpoint 
that it can manufacture easily. It is more suitable if Ru/Pt is made or more into 1.5. 

[0020] Especially as for a catalyst particle, the particle diameter is not limited. It is desirable to enlarge surface 
area which contributes to a reaction and to set mean particle diameter of a catalyst particle to 10nm or less 
from a viewpoint of raising catalytic activity. It is more suitable if 5nm or less. In addition, when consisting a 
catalyst particle of a platinum alloy particle and a ruthenium particle, it is desirable for the mean particle 
diameter of the particle of each to be 5nm or less. Especially the method of asking for the mean particle 
diameter of a catalyst particle is not limited, and can be searched for in the analysis according [ for example, ] to 
powder X-ray diffractometry, and can also be searched for using a transmission electron microscope (TEM). For 
example, a powder-like fuel electrode catalyst is analyzed by powder X diffraction lied belt analyzer RIETAN- 



2000, and it asks for the half-value width Bhkl (radian) of a predetermined crystal-face (hkl) diffraction line from 
the obtained analysis result. And the average Dhkl (nm) of the diameter of microcrystal of a direction 
perpendicular to the crystal face (hKI) of a catalyst particle is computed by formula:Dhkl=K 
lambda/Bhklcosthetahkl of SHIERA. In addition, a constant K is [ the wavelength (nm) of an X-ray and thetahkl 
of 0.89 and lambda ] angle of diffractions (degree). In addition, in this specification, the value calculated from the 
analysis by the above-mentioned powder X-ray diffractometry shall be adopted as mean particle diameter, and 
the average D1 1 1 (nm) of the diameter of microcrystal of a direction perpendicular to a field (111) about a cubic 
platinum alloy particle — moreover, about the hexagonal ruthenium particle, the average D002 (nm) of the 
diameter of microcrystal of a direction perpendicular to a field (002) is adopted as mean particle diameter 
respectively. 

[0021] A fuel electrode catalyst consists of the above-mentioned catalyst particle and conductive support which 
supports it, and especially the content rate of the platinum in the catalyst particle in the whole catalyst is not 
limited. As for the content rate of platinum, it is desirable to consider as less than [ more than 10wt%60wt% ] at 
the time of making fuel electrode catalyst all weight into 100wt(s)%. It is because the function as flume cariosity 
intermediation which ionizes hydrogen as the content rate of the platinum in the whole catalyst is less than 
[ 10wt% ] cannot fully be achieved but electrode reaction stops being able to go on easily, and is because the 
surface area which platinum condenses and functions as a catalyst will decrease if 60wt% is exceeded. Moreover, 
generally, in case the catalyst bed in an electrode is formed, the amount of platinum contained in per the unit 
area becomes criteria. That is, the thickness of a catalyst bed will be decided according to the amount of 
platinum contained in a catalyst. Therefore, it is desirable to make the content rate of platinum more than 20wt% 
from a viewpoint which makes suitable thickness of the catalyst bed formed especially in consideration of 
diffusion of hydrogen. 

[0022] Since especially conductive support is not limited and conductivity says that it is good and cheap, carbon 
materials, such as carbon black, a graphite, and a carbon fiber, should just be used for it. Moreover, the 
powdered thing of conductive support is desirable from the reason the surface area per unit weight is large. In 
this case, as for the particle of conductive support, it is desirable for that particle diameter to be 0.02 
micrometers or more 0.1 micrometers or less. 

[0023] Especially the manufacture approach of a fuel electrode catalyst is not limited. What is necessary is just 
to choose the best approach suitably according to the gestalt of the catalyst particle mentioned above. For 
example, a catalyst particle can be manufactured simple by the following approaches, when a platinum-ruthenium 
alloy particle shall be included. First, it heats, carrying out specified quantity addition of the conductive powder- 
like support further, and mixing [ mix the nitric-acid ruthenium nitrosyl water solution of the specified quantity, ] 
in a dinitro diamine platinum nitric-acid water solution. Thereby, a platinum particle and a ruthenium particle can 
compound the Pt-Ru/C catalyst precursor respectively supported by conductive support. In addition, what is 
necessary is just to adjust suitably the concentration of a nitric-acid ruthenium nitrosyl water solution etc. in 
consideration of the atomic ratio of platinum and a ruthenium, in order to make the content rate of the 
ruthenium in a catalyst particle into the target rate. What is necessary is just to adjust suitably the 
concentration of a dinitro diamine platinum nitric-acid water solution and the addition of conductive support 
containing platinum, in order similarly to make the content rate of the platinum in the fuel electrode catalyst 
acquired into the target rate. And it heat-treats to the obtained Pt-Ru/C catalyst precursor. What is necessary 
is just to hold a Pt-Ru/C catalyst precursor at the temperature of about 350-600 degrees C in a hydrogen 
ambient atmosphere for about 1 to 5 hours that what is necessary is just to perform heat treatment by the 
approach used for the usual alloying. By performing such heat treatment, the platinum and the ruthenium which 
were supported by conductive support are alloyed. 

[0024] In addition, according to the experiment of this invention person, when there are many contents of a 
ruthenium, even if it heat-treats a Pt-Ru/C catalyst precursor, it is checked that all rutheniums do not dissolve 
to platinum. When the atomic ratio of a ruthenium to platinum is set to Ru/Pt>1 according to the next example, 
specifically, existence of the ruthenium particle which exists independently, without dissolving to platinum is 
checked. In this case, it is thought that a platinum alloy particle and a ruthenium particle will be in the condition 
of having been supported by conductive support, respectively. Therefore, what is necessary is just to adjust the 
concentration of a nitric-acid ruthenium nitrosyl water solution etc. so that the atomic ratio of a ruthenium to 
platinum may become large in the above-mentioned manufacture approach about a catalyst particle, when a 
platinum alloy particle and a ruthenium particle shall be included. 

[0025] <The generation-of-electrical-energy approach using a polymer electrolyte fuel cell> The generation-of- 
electrical-energy approach using the polymer electrolyte fuel cell of this invention is the generation-of- 
electrical-energy approach using the polymer electrolyte fuel cell of the above-mentioned configuration 
equipped with a fuel electrode, an oxygen pole, and the polyelectrolyte film, and is the generation-of-electrical- 
energy approach characterized by to supply the gas by which the catalyst particle which contains platinum and a 
ruthenium as a fuel electrode catalyst contains oxygen as fuel gas using what was supported by conductive 



support. By the generation-of-electrical-energy approach of this invention, an electrode-electrolyte zygote is 
produced using the fuel electrode catalyst mentioned above as a catalyst of a fuel electrode, and the gas which 
contains the oxygen mentioned above as fuel gas is supplied. Production of an electrode-electrolyte zygote, the 
supply approach of fuel gas, etc. should just follow the approach mentioned above. In order to supply the fuel gas 
containing oxygen, using what contained the ruthenium which has the carbon monoxide oxidation other than 
platinum as a fuel electrode catalyst, degradation of a catalyst is controlled that a carbon monoxide cannot stick 
to platinum easily. Therefore, according to the generation-of-electrical-energy approach of this invention, there 
is little catalyst de-activation of a fuel electrode, and the voltage drop at the time of cell actuation becomes 
small. 

[0026] Permission> of an operation gestalt besides < Although the operation gestalt of the generation-of- 
electrical-energy approach of of the fuel electrode catalyst and polymer electrolyte fuel cell which are used for 
the polymer electrolyte fuel cell of this invention and it was explained above It cannot pass over the operation 
gestalt mentioned above in 1 operation gestalt, but the generation-of-electricahenergy approach of of the fuel 
electrode catalyst and polymer electrolyte fuel cell which are used for the polymer electrolyte fuel cell of this 
invention and it can be enforced with the various gestalten which performed various modification and 
amelioration based on the knowledge of these contractors including the above-mentioned operation gestalt. 
[0027] 

[Example] Based on the gestalt of the above-mentioned implementation, six kinds of fuel electrode catalysts 
were manufactured. And the polymer electrolyte fuel cell eel was constituted using each manufactured fuel 
electrode catalyst, and the electrical-potential-difference value at the time of supplying and generating the fuel 
gas containing a carbon monoxide was measured. And the carbon monoxide poisoning resistance of a cell was 
evaluated by comparing with the electrical-potential-difference value at the time of supplying and generating the 
fuel gas which does not contain a carbon monoxide. Hereafter, manufacture of a fuel electrode catalyst, 
production of a polymer electrolyte fuel cell eel, and evaluation of the carbon monoxide poisoning resistance of a 
cell are explained. 

[0028] Manufacture of a fuel electrode catalyst> The amount of rutheniums contained was changed and six 
kinds of fuel electrode catalysts were manufactured. Specifically, the fuel electrode catalyst was manufactured 
for the atomic ratio of platinum and a ruthenium as Ru/Pt=0 (with no Ru) f 0.5, and 1, 1.5, 2 and 3. First, the 
dinitro diamine platinum nitric-acid solution (Pt:50 g/L) was diluted with pure water, and Pt drug solution (Pt:4 
g/L) was prepared. Subsequently, if needed, the nitric-acid ruthenium nitrosyl water solution (Ru:1.5wt%) was 
added so that the atomic ratio of Pt and Ru might serve as the above-mentioned value, 3g of carbon black was 
added further, and it considered as mixed liquor at 187mL(s) of this Pt drug solution. Heated and evaporated, 
this mixed liquor was made to harden by drying by the rotary evaporator under reduced pressure, and the Pt/C 
catalyst precursor with which only the platinum particle was supported by carbon black, and five kinds of Pt- 
Ru/C catalyst precursors with which the platinum particle and the ruthenium particle were supported by carbon 
black were obtained. After grinding each obtained catalyst precursor and carrying out a temperature up to 300 
degrees C in nitrogen gas, it changed to hydrogen gas and heat-treated by holding at 600 degrees C by the 
hydrogen ambient atmosphere after that for 4 hours. The Pt/C catalyst with which the catalyst particle which 
consists of a platinum particle was supported by carbon black by heat treatment, and the Pt-Ru/C catalyst with 
which the catalyst particle containing a platinum-ruthenium alloy particle was supported by carbon black were 
acquired. In addition, the content rate of the platinum in each fuel electrode catalyst was made into 20wt(s)%. 
Thus, the Pt/C catalyst was made into the fuel electrode catalyst of #2-#6 among the acquired fuel electrode 
catalysts at order with few amounts of rutheniums contained in the fuel electrode catalyst of #1, and each other 
Pt-Ru/C catalyst. 

[0029] The Pt/C catalyst and Pt-Ru/C catalyst which were acquired were analyzed by powder X-ray 
diffractometry, and it asked for the lattice constant and mean particle diameter of a catalyst particle in each 
catalyst. The result is shown in Table 1. 
[0030] 
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[0031] The catalyst particle in the fuel electrode catalyst of #2 and #3 consisted of a platinum-ruthenium alloy 
particle, and the diffraction pattern obtained by powder X-ray diffractometry showed that the catalyst particle in 
the fuel electrode catalyst of #4~#6 consisted of a platinum-ruthenium alloy particle and a ruthenium particle. In 
addition, existence of a ruthenium particle has the amount of rutheniums and relation which are included in a 
catalyst particle, and when the atomic ratio (Ru/Pt) of platinum and a ruthenium exceeds 1, the ruthenium 
particle is checked independently. Moreover, as a result of asking for the lattice constant of each catalyst 
particle, as shown in Table 1, with the fuel electrode catalyst of #1-#3, the value of a lattice constant was large 
with the increment in the amount of rutheniums. On the other hand, with the fuel electrode catalyst of #4-#6, 
even if the amount of rutheniums increases, the value of a lattice constant hardly changes. It is ****(ed) that 
the ruthenium particle which will not be dissolved and alloyed from this result to platinum if the value of Ru/Pt 
exceeds 1 exists. Moreover, the mean particle diameter of each catalyst particle became an almost comparable 
value except it, although only platinum became small a little with the fuel electrode catalyst of #1 supported by 
conductive support. 

[0032] Six kinds of polymer electrolyte fuel cell eels were produced using each fuel electrode catalyst of above- 
mentioned #1-#6 which <polymer electrolyte fuel cell eel produced > manufactured as a catalyst of a fuel 
electrode. In addition, platinum was supported by carbon black and the Pt/C catalyst whose content percentage 
of platinum is 60wt(s)% was used for the catalyst of an oxygen pole. First, each above-mentioned catalyst was 
mixed to the alcoholic dispersion liquid of Nafion 1 15 (a trade name, Du Pont make) which is an electrolyte, 
respectively, and it considered as the shape of a paste so that Pt and Ru weight per two might become 0.5mg 
with a fuel electrode 1cm of electrode surface products on 0.3mg and the oxygen pole. Each paste was applied 
and dried on the sheet front face made from Teflon (a trademark, Du Pont make) used as a base material, and 
the catalyst bed was formed in the Teflon sheet front face. After sticking the Nafion film (about 125 micrometers 
of thickness) used as this catalyst bed and electrolyte membrane by pressure with a hotpress, the Teflon sheet 
which is a base material was exfoliated and the catalyst bed was formed in the two-electrodes front face. And 
the carbon cross which applied the mixture of the Teflon and carbon black which are a ****** paste was joined 
to the front face of the catalyst bed of each two electrodes with the hotpress as a diffusion layer, and the 
electrode-electrolyte zygote was produced. Thus, the produced electrode-electrolyte zygote was pinched with 
the separator made from carbon, and it considered as the cel. In addition, each produced polymer electrolyte fuel 
cell eel is made to use the number of the used fuel electrode catalyst as it is, and to express the eel of #1-#6 
respectively. 

[0033] The fuel gas containing a carbon monoxide was supplied using six kinds of eels in which the carbon 
monoxide poisoning resistance of <cell carried out evaluation, > the above-mentioned production, and the 
generation-of-electrical-energy trial was performed. The fuel gas which mixed air at a 1vol% (oxygen 0.2vol%) 
rate to the reformed gas which contains 40% of hydrogen, 35% of nitrogen, 25% of carbon dioxides, and a carbon 
monoxide by the concentration of 50 ppm or 100 ppm was supplied to the fuel electrode by 295 cc/min in back 
pressure abbreviation 0.05MPa. Air was supplied to the oxygen pole by 1 L/min in back pressure abbreviation 
0.05MPa as oxidant gas. In addition, mixing of the air to reformed gas went in the exterior of a cell. That is, piping 
which introduces air was prepared near the feed hopper of the fuel gas of a cell, air was supplied to the passage 
of reformed gas by back pressure abbreviation 0.05MPa, and it considered as fuel gas. Operating temperature of 
a eel was made into 70 degrees C or 80 degrees C. 

[0034] The electrical-potential-difference value of each eel at the time of making it discharge by current density 
0.5 A/cm2 was measured under the above-mentioned conditions. And the electrical-potential-difference 
difference with the electrical-potential-difference value measured when the same fuel gas as the above- 
mentioned presentation was supplied and it was made to discharge on each conditions was searched for except 
saying that the carbon monoxide is not contained. The electrical-potential-difference difference in each eel is 
shown in Table 1. 
[0035] 
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[0036] As shown in Table 2, in the eel of #1 using the fuel electrode catalyst which consisted of only platinum 
particles, a catalyst particle was not able to be concerned with eel temperature and was not able to carry out 
discharge by which it was stabilized that as held the fixed electrical potential difference to time amount. (Table 2 
shows "an oscillation".) On the other hand, in the eel of #2-#6, although the value of an electrical-potential- 
difference difference changed with differences in eel temperature or the concentration of a carbon monoxide, it 
became possible to carry out stable discharge. This shows that degradation of a fuel electrode catalyst is 
controlled. In the eel of #4-#6 using the fuel electrode catalyst which a catalyst particle becomes from a 
platinum-ruthenium alloy particle and a ruthenium particle especially, it turns out that it is based neither on eel 
temperature nor the concentration of a carbon monoxide, but an electrical-potential-difference difference is set 
to 50mV or less, carbon monoxide poisoning resistance is very high, and cell performance degradation is small. 
Thus, even if it was the case that cell operating temperature was low, carbon monoxide poisoning resistance was 
high, and it has checked that cell performance degradation could realize a small polymer electrolyte fuel cell 
because the catalyst particle containing platinum and a ruthenium supplies the fuel gas which mixed air at a 
small rate of 1vol% (oxygen 0.2vol%), using the catalyst of this invention supported by conductive support as a 
catalyst of a fuel electrode. 

[0037] Moreover, using the eel of #2, and the eel of #5 respectively, current density and the mixed rate of the air 
in fuel gas were changed, and the generation-of-electrical-energy trial was performed. This generation-of- 
electrical-energy trial set carbon monoxide concentration to 100 ppm, and performed eel temperature as 40 
degrees C. And the electrical-potential-difference value at the time of making it discharge at various current 
density and a mixed rate of air was measured, and it investigated whether an electrical-potential-difference 
difference with the electrical-potential-difference value at the time of making the fuel gas which does not 
contain a carbon monoxide supply and generate was 50mV or less. The result of the above-mentioned 
generation-of-electrical-energy trial performed to drawing 1 at various current density and air mixing rates is 
shown. It is shown among drawing 1 that, as for x mark, the above-mentioned electrical-potential-difference 
difference was not able to discharge that, as for O mark, the above-mentioned electrical-potential-difference 
difference was able to discharge by 50mV or less by 50mV or less. 

[0038] When the mixed rate of air supplied the fuel gas which does not contain 0vol%, i.e., oxygen, from d ra wing 
1 , with two or more 0.1 A/cm current density, as for both the eels of #2 and #5, sag was not able to discharge 
within the limits of 50mV or less. Since oxygen does not exist in fuel gas, this is considered because poisoning of 
the platinum in a fuel electrode catalyst was not fully controlled. Moreover, in the eel of #5 using the fuel 
electrode catalyst which a catalyst particle becomes from a platinum-ruthenium alloy particle and a ruthenium 
particle, when the mixed rate of air was enlarged, discharge with big current density was attained. # In the eel of 
5, when the mixed rate of air was made into 1vol% (oxygen 0.2vol%), even if it was the case where it discharged 
with 0.5 A/cm2 and big current density, sag was 50mV or less. Even if the concentration of oxygen was 0.2vol 
(s)% and a small case by using the fuel electrode catalyst which a catalyst particle becomes from a platinum- 
ruthenium alloy particle and a ruthenium particle from the above result, catalyst poisoning was controlled enough 
and it has checked that a cell could be operated with big current density. 
[0039] 

[Effect of the Invention] Even if the fuel gas whose carbon monoxide concentration is about 100 ppm by using 
that with which the catalyst particle which the fuel gas containing the oxygen other than the hydrogen used as a 
fuel is supplied to a fuel electrode, and contains platinum and a ruthenium as a fuel electrode catalyst was 
supported by conductive support is used for the polymer electrolyte fuel cell of this invention, poisoning of the 
catalyst is hard to be carried out, consequently it turns into a polymer electrolyte fuel cell with small cell 
performance degradation. And the fuel electrode catalyst of this invention turns into a catalyst which can realize 
the polymer electrolyte fuel cell of such this invention. Moreover, according to the generation-of-electrical- 
energy approach using the polymer electrolyte fuel cell of this invention, since degradation of the catalyst of a 
fuel electrode is controlled, even if it is the case where the carbon monoxide is contained in fuel gas, the fall of 
the electrical potential difference at the time of cell actuation can be controlled. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawi ng 1] # The result of the generation-of-electrical-energy trial performed at various current density and air 
mixing rates to the eel of 2 and #5 is shown. 
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<4ot^t r*Uc#U # 4-#-6(0«S*s|.ffittJK-c 
^ ,1^ = Afi^igin fc»-=P3£ft<7>«ttf5 4: Ay if 
w^tt**»5>t, Ru/PtWi^g 

[0 0 3 2] <@f$S5^^^4fl;?tiliryuco^ia> Kit 
Lfc±fE# 1 - # 6 (75*^ffittgKSr«SJ|*ffi<OttjKi: L 

*S*£*X. |J^^ 6 0 w t P t / C^ 

7>r l 2 5 m m) b&* y h^u^Ci^ 



[0 0 3 3] <«*0--ttft^3imE*»tt(0»«> ±15 

£r50ppmt>L<tel00pp mOMt't tf BfeWtf 
^(C, £^£r 1 v o 1 % 2 v o 1 %) Of"l^ 

■CS^LfcM^^S:, ffEHSlO. 0 5MPal:t, 2 
9 5c c/m i n^eflW&Lfco IfcSHSKtt, Rffcffl^f^ 
^Lt^lr^E^O. 05MPa(IT, 1 L/m i n 

SSrUfffiKJO. 0 5MPat«UM^tUc o 
[0 0 3 4] ±te3H$<7)T> fl»f£^S 0 . 5 A/ c m 2 

[0 0 3 5] 
[^2] 
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ftffl 2 0 0 3 
14 



- 1 8 7 8 5 1 







7 0*C 


7 0 *C 


8 0 "C 

\j \j 




5 0 p p m 


1 0 0 d D m 


1 0 0 d d m 




1 v o 1 % 


1 V o 1 % 


1 V o 1 % 


(mV) 


# i 






✓ w UK 


# 2 


1 7 0 


8s 


1 8 0 


# 3 


1 5 0 


£2 *§ 


1 6 0 


# 4 


2 0 


4 5 


3 0 


# 5 


1 0 


2 0 


1 5 


# 6 


2 5 


3 5 


3 0 



[0 0 3 6] m2iC^-rX 9(1, 

B8 to fe 1\ I- *f L - L * * 
r^SJBj ct^i- 0 ) -*U£*tU # 2~# 6(7)-ir/UT* 

t A-x =■ * A«t^ i 3ft» b ft 5 ttftfifltKtrfflt *fc 
«flE*#5 OmVWT^ftS , ffifcT— Kfbgi 

Ltfflt\ £M£ l v o 1 % (K*0. 2 v o 1 %) £ 



[0 0 3 7] £fc, # 2<D-t/\sb # SCDir/Uir^r-^n^ 
iM^lOOppm^L, ttt;HSS:4 0 , CtL 
ft i * ItM^ -t£rt:»&co«;j£fiI t<nm 

*K»Oj^*Sr^i- 0 Ull*, OfPli-tlSmJE^ 5 0 

^ 5 OmVJ^T T'^m t^^ot:i:^tc 
[0 0 3 8] ffi5K0>»fi«l'fr;&* 0 v o 1 %, 



2:fcJ;tf# 5£>-fe/Wi<!: h^0. 1 A/c m 2 J£Jl±cD 

^j^ttft75^ofc/-cd6^#^^^^o ttMCtt-y-^e 

& - /Uf " £ i^&fe-i 1 £ /l-T- ^ A^IT- £ <b ft 5 *s 

#<^"5<t. *#ftm««*^3Sk«^*B4:ftofc 0 
20 # 5 0Oir^T'i^, SfWffi^HRl'&Sr 1 v o 1 % 

0. 2 v o 1 %) i Lfc»^, 0. 5A/cm 2 ^^:# 

mV^Tt'fcoto K±Ott**»6, ttME«-?-36 s &A- 
yi^f A^fe^- 1 /i/f n A^^- <b Ti^b ft 
ttiKSrffl^sr ti-J: 9. »*<O»«* s 0. 2vol% 
i/hSv^T-fcott, «jBt«»«:3E»»fliiJ*n. * 

[0 0 3 9] 

fr^mmmMmtLx&&tsi>T~vj±t$:'gtft& 

<9 % — Kfb«*»*dS 1 0 0 p p mSacoijSJN-^^ $rffl 

T^/h^v^ftiS^S^JN-m^irft^o ^Lt, 

[Eiffiofa^ft^] 
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4o 
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m 
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i 1 — r~r 

o o x X 



o 

O O! 



XXX 

a n n 

X*X X 



X 



T 



T 



C O/h^ lOOppm 



# 2<D-tz;u 



X — 



-p/g; X x K ■ I 



1 



0.2 a4 0.6 

CftSft (A /cm 2 ) 



0.8 



(72)S8W# 



5H018 AA06 AS02 BB01 BB03 BB06 
BB08 BB11 BB12 BB17 DD06 
DD08 EE02 EE03 EE08EE18 
HH05 

5H026 AA06 EE02 EE08 HH05 
5H027 AA06 BA01 BA16 KK31 
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